To characterize the magnitude and duration of risk of rehospitalization according to age after hospitalization for heart failure (HF), acute myocardial infarction (AMI), or pneumonia. DESIGN: Retrospective cohort study. SETTING: U.S. hospitals (n = 4,767). PARTICIPANTS: All Medicare fee-for-service beneficiaries aged 65 and older surviving hospitalization for HF, AMI, or pneumonia between October 2012 and December 2013. MEASUREMENTS: Daily risk of first rehospitalization for 1 year after hospital discharge was calculated according to age category (65-74, 75-84, ≥85) after adjustment for sex, race, comorbidities, and median ZIP code income. Time required for adjusted rehospitalization risk to decline 50% from maximum value after discharge, time required for adjusted risk to approach a plateau period of minimal day-to-day change, and degree to which adjusted risk was higher in recently hospitalized individuals than in the general elderly population were identified. RESULTS: There were 414,720 hospitalizations for HF, 177,752 for AMI, and 568,304 for pneumonia. The adjusted risk of rehospitalization declined with increasing age after HF hospitalization (P < .001), rose with increasing age after AMI hospitalization (P < .001), and was slightly lower with increasing age after pneumonia hospitalization (P = .002). Adjusted risks of rehospitalization were high beyond 30 days after hospitalization for all ages. CONCLUSION: Although older age has heterogeneous relationships with rehospitalization risk, risk of readmission remains high for an extended time after discharge regardless of age or admitting condition. Condition-specific data on risk can be used to guide discussions on advanced care planning and strategies for longitudinal follow-up after hospitalization. J Am Geriatr Soc 65: 421-426, 2017. 
F
or older adults, there is a high risk of adverse events leading to rehospitalization in the period after hospital discharge. Data from Medicare beneficiaries has shown that rehospitalization risk peaks soon after discharge, declines gradually over time, and remains high for many weeks. 1 Absolute risk of readmission and rate of decline in this risk vary according to admitting condition, 1 yet the influence of other factors on risk trajectories in the year after hospitalization is not known.
Age is an important variable that may influence the absolute risk of rehospitalization soon after discharge and the manner in which this risk decays over time. Previous work has shown that age is not clearly associated with short-term rehospitalization rates, 2 ,3 yet none of these studies have characterized complex relationships between age and dynamic risk trajectories that change daily after hospital discharge. This knowledge is critical to identifying the influence of increasing age on the extent and timing of vulnerability after hospitalization. This information can help guide conversations with older adults of different ages regarding their expected course of recovery after hospitalization and can help clinicians customize postacute care interventions to the periods of highest absolute risk for older adults. Finally, this information can illuminate whether drivers of rehospitalization may be related to age.
There are several specific questions worthy of attention. First, are absolute risks of rehospitalization high beyond 30 days after discharge for older adults of all ages? If so, this would suggest that all older adults could benefit from risk reduction strategies that persist beyond the 30-day period currently used to measure hospital readmission performance. 4 Second, does absolute risk of rehospitalization differ according to age? The demonstration of higher risk with increasing age would suggest that diminished physiological reserve or other factors associated with aging contribute significantly to readmission; in contrast, a lack of relationship between outcomes and age would suggest that complex variables other than age and its correlates primarily determine outcomes. Finally, does age contribute to the greater magnitude of risk that recently hospitalized individuals experience than the general elderly population? The answers to these questions will describe the extent to which age influences prognosis after hospitalization.
Accordingly, the magnitude and duration of risk of rehospitalization was characterized according to age in the year after hospitalization for Medicare beneficiaries admitted with heart failure (HF), acute myocardial infarction (AMI), or pneumonia. The study of older persons hospitalized for three different medical conditions will provide insight into the generalizability of findings relating age to distinctive patterns of risk. It was hypothesized that older age would be associated with greater readmission risk and slower decline in risk after hospitalization.
METHODS

Study Sample
Medicare Standard Analytic and Denominator files were used to identify hospitalizations from October 2012 to December 2013 with a principal discharge diagnosis of HF, AMI, or pneumonia. These dates followed passage of the federal Hospital Readmissions Reduction Program, which penalized hospitals with higher-than-expected 30-day readmission rates for HF, AMI, and pneumonia starting October 2012. Study cohorts were defined using International Classification of Diseases, Ninth Revision, Clinical Modification codes, which are used in the Centers for Medicare and Medicaid Services (CMS) publicly reported readmission measures. [5] [6] [7] Hospitalizations of individuals aged 65 and older were included. Hospitalizations with in-hospital death, interhospital transfer, and discharge against medical advice were excluded, as were hospitalizations of individuals with less than 1 year of Medicare feefor-service (FFS) enrollment before hospitalization, because previous claims are needed to identify comorbidities for risk adjustment. Hospitalizations with less than 1 year of Medicare FFS enrollment after hospitalization in the absence of death were also excluded to permit risk calculations for 1 year after hospitalization. Like the CMS measures, all available hospitalizations for HF, AMI, or pneumonia were used.
Study Endpoints
For the year after hospitalization, the occurrence of first rehospitalization on each day after discharge was identified. Like the CMS measures, rehospitalizations for procedures or diagnoses that are typically scheduled, such as chemotherapy infusion or organ transplantation, were excluded.
Comparator Population
To compare the risk of rehospitalization after hospitalization for HF, AMI, or pneumonia with the risk of all-cause hospitalization in the general elderly population, a comparator population was constructed using 2013 Medicare Provider Analysis and Review and Denominator files comprising all Medicare FFS beneficiaries aged 65 and older with more than 1 year of enrollment in Medicare FFS in the absence of death. Persons hospitalized with HF, AMI, or pneumonia were not excluded because the aim was to compare rehospitalization risk after discharge with hospitalization risk in the general elderly population, which includes persons hospitalized for all conditions.
Outcomes
Daily Risk of Rehospitalization According to Age
Adjusted daily risk of first rehospitalization was estimated according to age after hospitalization for HF, AMI, or pneumonia. Adjustment was made for sex, race, median income of ZIP code of residence, and comorbidities found to be predictive of readmission in CMS 30-day readmission models. [5] [6] [7] As has been done previously, 8, 9 age was categorized into three categories (65-74, 75-84, ≥85). To characterize the length of time required for adjusted risk of first rehospitalization to decline by a clinically significant extent, the number of days required for these risks to decline 50 percent from their maximum values after discharge was calculated. To characterize the length of time required for adjusted risk of first rehospitalization to approach a period of minimal day-to-day change, the number of days required for daily change in risk to decline 95% from maximum daily decline after discharge was calculated.
Relative Risk of Hospitalization in Study Population Compared with Medicare FFS Population According to Age
To compare the magnitude of rehospitalization risk that recently hospitalized individuals experience with that of the general elderly population for each age category, the cumulative incidence of hospitalization was first calculated according to day (1-365) after discharge after hospitalization for HF, AMI, or pneumonia for each age category. These results were then compared with the cumulative incidence of hospitalization in the similarly aged subset of the comparator population of Medicare FFS beneficiaries after adjusting for sex, race, and median ZIP code income.
Statistical Analyses
Daily Risk of Rehospitalization According to Age
Separate survival models for the adjusted risk of first rehospitalization were fit for each age category. Death before first rehospitalization was considered to be a competing risk. For each age category, the adjusted subdistribution hazard for first rehospitalization derived from the cumulative incidence function for each day (1-365) after discharge was therefore calculated using an approach that corrects for competing risk. 10 Adjustment was made for sex, race, median ZIP code income, and comorbidities using Cox proportional hazards regression. Three race categories (white, black, other) and three income categories (≤3rd decile, 3rd to 7th decile, ≥7th decile of U.S. median ZIP code income) were used. Income data was identified using the 2007 to 2011 American Community Survey. The difference in adjusted hazard rates between age categories was tested using Gray's test. 11 Data were censored at death, planned readmission, or 1 year after index hospitalization, whichever occurred first. For each age category, the bootstrap method with 500 iterations was used to construct 95% confidence intervals (CIs) for the time required for these adjusted hazard rates to decline by 50% from their maximum hazard after discharge.
To calculate the daily change in adjusted risk of first rehospitalization with time after discharge, differences in 3-day averaged kernel-smoothed hazard estimates 12 between each day and its preceding day were calculated for each age category. For each day after maximum hazard, the daily change in risk was divided by its maximum daily decline after discharge. The bootstrap method with 500 iterations was used to construct 95% CIs for the number of days required for the daily change in risk to decline 95% from its maximum daily decline after discharge for each age category.
Relative Risk of Hospitalization in Study Populations Compared with Medicare FFS Population According to Age
For each age category in the comparator population, the 1-year cumulative incidence of hospitalization of all Medicare FFS beneficiaries in 2013 was first calculated. Oneyear incidence rates over days were then prorated and compared with the cumulative incidence of rehospitalization according to day (1-365) after hospitalization for HF, AMI, or pneumonia for each age category. The cumulative incidence of rehospitalization was estimated using an approach that corrects for competing risk. 10 To make study and comparator populations more similar in sex, race, and median ZIP code income, the cumulative incidence of rehospitalization for sex-race-income strata was estimated within each age category. Study populations were then directly standardized to the Medicare FFS population for each age category to calculate the relative risk of sex-, race-, and income-standardized hospitalization. Direct standardization is a form of frequency matching. Ninety-five percent CIs of the relative risk of hospitalization between sex-, race-, and income-standardized study cohorts and the Medicare FFS population over the first 30, 60, 90, 180, and 365 days after discharge were calculated.
Analyses were conducted using SAS version 9.3 (SAS Institute, Inc., Cary, NC). Institutional review board approval was obtained, including waiver of the requirement for participant informed consent, through the Yale University Human Investigation Committee.
RESULTS
There were 414,720 hospitalizations for HF (4,522 hospitals), 177,752 hospitalizations for AMI (3,758 hospitals), and 568,304 hospitalizations for pneumonia (4,651 hospitals). The comparator population of Medicare FFS beneficiaries included 21,372,446 persons. The characteristics of study cohorts are described according to age in Table 1 . Within 1 year of discharge, readmission occurred after 63.0% of HF hospitalizations, 44.2% of AMI hospitalizations, and 44.3% of pneumonia hospitalizations.
Daily Risk of Rehospitalization According to Age
The adjusted risk of first rehospitalization inconsistently varied according to age and admitting condition. The adjusted risk of rehospitalization declined with increasing age after HF hospitalization (P < .001), rose with increasing age after AMI hospitalization (P < .001), and was slightly lower with increasing age after pneumonia hospitalization (P = .002) ( Figures S1 and S2 ). Illustrative data for HF and AMI are presented in Figure 1 . Adjusted risk of first rehospitalization was highest after 2 days for HF, 2 days for AMI, and 2 days for pneumonia for all age groups and then declined 50% after 43 days for HF, 14 days for AMI, and 28 days for pneumonia (Table 1) . Adjusted risk of first rehospitalization approached the period of minimal day-to-day change by 55 days after hospitalization for all age categories and conditions (Table 1) . Specifically, the number of days required for daily changes in risk of first rehospitalization to decline 95% from their maximum daily declines was 55 days for HF, 31 days for AMI, and 38 days for pneumonia for the youngest and oldest age categories.
Relative Risk of Hospitalization in Study Populations Compared with Medicare FFS Population According to Age
Risk of hospitalization was markedly higher for recently hospitalized individuals than for the comparator population of Medicare FFS beneficiaries for all age categories ( Figure S3 ). Illustrative data for HF and AMI are presented in Figure 2 . For example, after hospitalization for HF, the sex-, race-, and income-standardized relative risk of hospitalization for the oldest age category was 12.6 times as great over the first 30 days after discharge, 9.4 times as great over the first 60 days, 7.5 times as great over the first 90 days, 4.9 times as great over the first 180 days, and 2.7 times as great over the first 365 days.
DISCUSSION
Study of a national population of Medicare beneficiaries hospitalized with HF, AMI, or pneumonia showed that age has variable relationships with readmission risk in the year after hospital discharge. These results suggest that readmission is not an age-related phenomenon and may more strongly relate to other variables such as quality of transitional care and complex social factors, although it was also found that readmission risk is high beyond the 30-day period that the federal government uses to measure hospital readmission performance for all age groups. The implication of this finding is that efforts to reduce readmission in older persons of all ages may be useful beyond the initial postdischarge month.
These findings extend the literature on readmission risk and demonstrate that vulnerability after hospital discharge is not a clear function of age. Although rehospitalization risk rises with age after hospitalization for AMI, it declines with age after hospitalization for HF, and is minimally lower with age after hospitalization for pneumonia. These findings contrast with what is known about mortality risk after hospitalization, which has been strongly linked to age for multiple admitting conditions. [13] [14] [15] [16] [17] Factors closely associated with aging such as lower physiological reserve, 18, 19 geriatric syndromes, and functional impairments may therefore be less important to readmission than mortality.
Disease-and non-disease-related factors may explain the variability in readmission risk according to age and condition. For example, it is possible that readmission risk is higher in younger individuals with HF because they predominantly have HF with reduced ejection fraction rather than with preserved ejection fraction. 20 These two syndromes have distinct pathogenesis, cardiac functional impairments, and coexisting chronic conditions. 21, 22 Younger individuals with HF may also be more likely to have behavioral health disorders that increase susceptibility to rehospitalization in ways that the risk adjustment did not capture. 23 In contrast, the higher risk of Rehospitalization (%/day)
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Acute Myocardial Infarction, Ages 85+ Figure 1 . Adjusted risk of first rehospitalization according to age after hospitalization for heart failure or acute myocardial infarction. Risk is described using daily hazard rates adjusted for sex, race, median income of ZIP code of residence, and comorbidities. To illustrate the heterogeneous relationship between rehospitalization risk and age according to admitting condition, data are shown for individuals aged 65 to 74 and 85 and older discharged after hospitalization for heart failure or acute myocardial infarction. Adjusted readmission risk trajectories are shown for the full year after hospitalization.
rehospitalization with age after AMI may relate to the fact that older adults are more likely to have non-ST elevation myocardial infarction, 24 with larger burden of residual obstructive coronary artery disease and higher risk of future coronary events. 25 Older adults with AMI are also more likely to have complications from treatment, including significant bleeding, 26 that may cause rehospitalization. This study extends previous work 1 by finding that rehospitalization risk remains high well after hospital discharge for older adults of all ages. For example, after hospitalization for HF, the relative risk of hospitalization over the first 2 months after discharge for the youngest and oldest age categories are almost 11 and 9 times as high as that of persons in the general elderly population matched for sex, race, and median ZIP code income. This persistently higher risk in recently hospitalized older adults should motivate routine discussions about prognosis and advance care planning. These discussions frequently do not occur in current practice, 27 with the greatest omissions occurring the youngest elderly adults. 28 The current study has the following potential limitations. First, administrative data rather than chart review were used to identify hospitalizations, although administrative data are highly specific for diagnosing acute cardiopulmonary conditions. 29, 30 Second, individuals receiving hospice care were not excluded, which may have biased the readmission estimates upward, although the intent was to identify general relationships between age and posthospital outcomes, so it was desired that beneficiary status for a discretionary benefit not bias outcome differences between age groups. In addition, findings were not materially different after individuals in hospice were removed (results available by request). Third, other outcomes important to older persons such as function, symptoms, and quality of life after hospitalization could not be ascertained, because this information is not available in administrative data.
In summary, age has heterogeneous relationships with readmission risk that vary according to admitting condition, although in all cases, readmission risk remains high for an extended time regardless of age. All older adults should therefore remain vigilant for deterioration in health well beyond the immediate time after hospital discharge. In addition, clinicians caring for recently discharged older adults should consider using condition-specific data on risk to guide discussions on advanced care planning and strategies for longitudinal follow-up after hospitalization. Relative risk of first hospitalization according to age after hospitalization for heart failure or acute myocardial infarction compared with the general elderly population. Postdischarge populations were directly standardized to the Medicare fee-forservice (FFS) population with respect to sex, race, and median income of ZIP code of residence. Illustrative data are shown for individuals aged 65 to 74 and 85 and older discharged after hospitalization for heart failure or acute myocardial infarction. In 2013, the 30-day cumulative incidence of hospitalization for Medicare FFS beneficiaries was 1.6% and the 1-year cumulative incidence was 19.6%. Relative risks of first rehospitalization according to age are shown for the full year after hospitalization.
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